Porous microspheres of glycidyl methacrylate cross-linked with trimethylolpropane trimethacrylate were prepared with toluene as porogen by suspension-emulsion polymerization. With increasing molar ratio of the functional monomer to cross-linker, the epoxy group content increases significantly, whereas the parameters of porous structure (specific surface area and total pore volume) decrease. To obtain adsorbents bearing functional groups, the porous methacrylate network was modified by subsequent treatment with diethylenetriamine. Polymers capacity towards Cu(II), Zn(II), Pb(II) and Cd(II) was investigated.
INTRODUCTION
Porous polymers in the form of microspheres possess numerous valuable properties. They have highly developed internal structure and spherical shape that make them effective materials in many separation processes. Consequently, porous microspheres are widely used as different kinds of adsorbents Bolbukh et al. 2008; Jaćkowska et al. 2011; Maciejewska , 2015 Maciejewska and Osypiuk-Tomasik 2013; Wu et al. 2012) . In particular, their use as the scavengers for metal-ion uptake from aqueous solution deserves particular attention. The polymeric adsorbents with suitable functional groups can be obtained from numerous types of monomers as well as by modification of co-polymers that contain reactive groups. One of the convenient routes to incorporate new functionalities into a polymer matrix is by ring-opening of epoxides under nucleophilic conditions (Bukowska and Bukowski 2012; Podkościelna et al. 2012) . This process leads to not only the introduction of the active pendant group into the network but also changes in the textural and thermal properties of the newly obtained materials (Maciejewska 2015a,b; Maciejewska and Kołodyńska 2015) .
The aim of this work was to create porous cross-linked microspheres with pendant amine groups that show affinity towards selected metal ions. To achieve this goal, we synthesized the copolymer poly(2,3-epoxypropyl methacrylate-co-trimethylolpropane trimethacrylate). To obtain adsorbents bearing functional groups, the porous methacrylate network was modified by subsequent treatment with diethylenetriamine (DETA).
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EXPERIMENTAL ANALYSIS 2.1. Chemicals
Glycidyl methacrylate (GMA; also known as 2,3-epoxypropyl methacrylate) and trimethylolpropane trimethacrylate (TRIM) (Sigma Aldrich, Steinheim, Germany) were washed with 5% aqueous sodium hydroxide to remove inhibitors. Bis(2-ethylhexyl) sulphosuccinate sodium salt (DAC, BP) and α,α -azoisobutyronitrile (Fluka AG, Buchs, Switzerland) were used without purification. Toluene, n-dodecane, acetone and methanol (reagent grade) were from POCh (Gliwice, Poland). DETA was purchased from Sigma Aldrich. Aqueous solutions of Cu(II) and Zn(II) were prepared by dissolving an appropriate amount of metal salts in demineralized water. The initial pH was adjusted to 5.5 by adding a small amount of NaOH and HCl.
Preparation of the GMA-TRIM Microspheres
Co-polymerization was performed in an aqueous suspension medium. In a typical experiment, 195 ml of distilled water and 2.2 g of bis(2-ethylhexyl)sulphosuccinate sodium salt were stirred for 2 hours at 80 °C to dissolve the surfactant. Then the solution containing 15 g of monomers (GMA and TRIM) and 0.2 g of α,α -azoisobutyronitrile dissolved in 22.5 ml of toluene was prepared and added to the aqueous medium that is being stirred. The molar ratio of GMA to TRIM was changed from 1:1 to 5:1. Co-polymerization was performed for 20 hours at 80 °C. The porous beads formed in this process were filtered off and an extensive cleaning procedure was applied to remove the diluent, unreacted monomers and physically adsorbed stabilizer. Finally, the microspheres were dried in a vacuum oven at 65 °C for 48 hours.
Modification of the Epoxy Groups
The epoxy groups present in the co-polymer were modified during the reaction with DETA. The procedure is as follows: in a 250-cm 3 round-bottomed two-necked flask equipped with a mechanical stirrer and a thermometer, 10 g of selected beads were placed together with DETA and 200 ml of toluene, and the whole content was heated on a water bath at 80 °C for 24 hours. The modified beads obtained were washed with distilled water, filtered off, dried and extracted in a Soxhlet apparatus with boiling toluene for 5 hours. The product was then dried under reduced pressure at 30 °C.
Methods of Analysis
Textural characterization of the co-polymers was carried out by the low-temperature nitrogen adsorption-desorption method. Nitrogen adsorption-desorption measurements were obtained at 77 K using a volumetric adsorption analyzer ASAP 2405 (Micrometrics Inc., USA). The specific surface areas of the investigated co-polymers were calculated by the BET method. The pore-size distributions (PSDs) were obtained from the desorption branch of the isotherm using the Barrett-Joyner-Halenda (BJH) procedure. The maximum of PSD was defined as pore diameter (D BJH ). The images of the studied co-polymers were taken using an optical microscope (AZ100M; Nikon, Japan). The epoxy group content in the microspheres was determined according to the HCl/dioxane method described in literature (Dobison et al. 1969) . Attenuated total reflection (ATR) spectra were recorded by the infrared Fourier transform spectroscopy method on a spectrometer (TENSOR 27, Bruker, Germany) . The Raman spectra of polymer samples were recorded using RENISHAW Raman Microscope (Renishaw, UK). Elemental analysis of the obtained microspheres was carried out using the Perkin Elmer CHN 2400 apparatus. Adsorption capacities of the obtained polymers towards Cu(II), Zn(II), Pb(II) and Cd(II) were determined by the atomic absorption spectrometry method using a Varian AA-Z240 spectrometer (Varian, Australia).
RESULTS AND DISCUSSION
Porous microspheres of poly(2,3-epoxypropyl methacrylate-co-trimethylolpropane trimetha crylate) used in this study were synthesized using suspension-emulsion co-polymerization. This technique allows to obtain the product in the form of regular microspheres with diameters below 100 μm (Figure 1) . The resulting poly(TRIM-GMA) microspheres were functionalized by ringopening reaction upon treatment with DETA to produce the TRIM-GMA + A adsorbent as shown in Figure 2 . During the synthesis, the molar ratio of the functional monomer (GMA) to the cross- linker (TRIM) was increased from 1:1 to 1:5. The amount of GMA in the polymerization mixture is indicated by the number following the TRIM-GMA abbreviation. The elemental analysis and the basic parameters of the porous structure of the initial and functionalized adsorbent are presented in Tables 1 and 2, respectively. 620 Małgorzata Maciejewska et al./Adsorption Science & Technology Vol. 33 No. 6-8 2015 The determined epoxy group fractions in the co-polymers increased with the increase of amount of GMA in the polymerization mixture. This dependence was also confirmed by the infrared spectroscopy measurements. ATR spectra showed an increase in the intensity of peaks attributed to the epoxy group (993, 908 and 848 cm −1 ) along with the increase of GMA in the polymerization mixture. The dependence was also confirmed by Raman spectroscopy. In addition, in the Raman spectra, peaks responsible for stretching vibrations of the unreacted C=C bonds (1637 cm −1 ) are visible. The infrared spectroscopy was also used to confirm the successful reaction of the epoxy group with diethylenetriamine. The functionalized TRIM-GMA + A co-polymers show the disappearance of the peak at 1340 cm −1 and a decrease in absorbance of peaks at 993, 908 and 848 cm -1 (belonging to the epoxy group). The new peaks at 2835 cm −1 appear due to amine units, suggesting the successful reaction between the epoxy groups and DETA.
Porous Structure
Because all the co-polymer beads in this study were synthesized in the presence of a pore-forming diluent (toluene), they posses highly developed internal structure. The morphology of the polymers is predominantly determined by the phase separation during polymerization. The phase separation strongly depends on the compatibility of the polymer network with the porogen. In the case of good compatibility, phase separation occurs late during the conversion of the monomer into a polymer. As a result, a network of interconnecting individual microglobules is formed. The network is characterized by high surface area and PSD with a maximum in the region of micropores and mesopores. Poor compatibility of the polymer network with porogen leads to early phase separation (i.e. lower conversion). This process provokes not only aggregation of microglobules but also in-filling of small pores to form a polymer network with low surface area. The compatibility can be evaluated in terms of the difference in the solubility parameters between the polymer network and the porogen, |δ p − s |, where δ p is the solubility parameter of the polymer network and δ s is the solubility parameter of the porogen. For the studied system, the solubility parameters are as follows: 18.20 (MPa) 1/2 for TRIM, 19.50 (MPa) 1/2 for GMA and 18.20 (MPa) 1/2 for toluene. With the increase in GMA content in the poly(TRIM-GMA) co-polymers, the difference in the |δ p − δ s | value increases and the compatibility of the polymer network with toluene decreases. This phenomenon triggers early phase separation. As a result, large microglobules and large pores are formed and the porosity is lower (Table 1 ). The value of specific surface area decreases from 333 m 2 /g (TRIM-GMA1) to 86 m 2 /g (TRIM-GMA5). The same pattern is observed for the pore volume. The increase in GMA amount in the co-polymer network leads to a shift in the PSD towards a larger pore size. Modification of the TRIM-GMA series with DETA results in considerable decrease of the value of specific surface area and increase of pore diameter (Table 2) .
Determination of Adsorption Properties
It was matter of interest to investigate the adsorption of ions of selected metal. The amounts of metal ions adsorbed at time t on studied polymers (q t , mg/g) were calculated using the following mass balance equation:
where c 0 is the initial concentration of metal ion (mg/l); c t is the concentration of metal ion at time t (mg/l); V is the volume of the solution (dm 3 ); and m is the mass of polymer (g).
The adsorption capacity of TRIM-GMA1+A co-polymer towards Cu(II), Zn(II), Cd(II), Pb(II) is presented in Figure 3 . As can be seen, the co-polymer shows the highest adsorption capacity towards Pb(II) ions, whereas its capacity towards both Cu(II) and Zn(II) is quite similar. It was found out that the adsorption capacities of all the modified co-polymers that vary considerably in porous structure and the amount of amine group on the surface are practically on the same level. This phenomenon can be caused by the fact that the adsorption properties are the outcome of the presence of functional group and the porosity of the studied co-polymers.
CONCLUSION
Porous microspheres of poly(GMA-co-TRIM) were synthesized using toluene as porogen by suspension-emulsion polymerization. The molar ratio of GMA to TRIM was changed from 1:1 to 5:1. The obtained co-polymers were successfully modified with diethylenetriamine. The increasing amount of functional monomer in the polymerization mixture as well as the modification process considerably changed the porous structure of the co-polymers. It was found out that the modified co-polymers show affinity towards metal ions and can be used as effective adsorbents for removing Cu(II), Zn(II), Cd(II) and Pb(II).
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